Abstract: Allene aryl δ-lactones were conveniently synthesized through the reaction of various aldehydes with (o-carboxyaryl)propargyl bromide mediated by indium in aqueous ethanol.
Six-membered heterocycles, such as tetrahydropyran, are the backbones of most carbohydrates and common structural features in natural products. 1 Considerable efforts have been made to develop new and improved methods for their syntheses.
1 ' 2 As a sixmembered heterocycle, the δ-lactone structure is found in a number of important natural products, such as (+)-bergenin, 3 brevetoxin B, 4 compacting anamarine, 6 spectinomycin 7 and many others. A general approach to δ-lactones would be synthetically useful. On the other hand, allene is a versatile functional group which can be functionalized toward various structural demands through a number of reactions such as cycloaddition reactions with ketene, oxidation reactions (e.g., ozonolysis to give ketones), cycloadditions with various unsaturated compounds to yield a variety of heterocyclic compounds. 
Synthesis of Allene Aryl δ-Lactones Via Indum-Mediated [4+2] Cyclization in Water
The recent developments on Barbier-Grignard type carbon-carbon bond formations in aqueous medium offer us opportunities in the synthesis of various biologically important agents. 9 We envisioned that functionalized δ-lactones can be synthesized via a pseudo-polar [4+2] cyclization by using the aqueous indium chemistry as illustrated in Scheme 1. The existing allene moiety in the δ-lactone would provide a handle for further structural modification corresponding to synthetic needs. In our preliminary studies of (+)-bergenin synthesis, we observed the formation of δ-lactones by this method, albeit in moderate yields. 10 Subsequently, we optimized the conditions of the reactions and the cyclization was found to be general and effective with various aldehydes. Herein, we wish to report the results of the formation of various allene aryl δ-lactones 3 through the reaction of ocarboxyarylpropargyl bromide (1) with a variety of aldehydes 2 mediated by indium in aqueous medium (Eq. 1).
The o-carboxyarvl propargyl bromide (1) used in our study was prepared from methyl o-jodobenzoate (4) and propargyl alcohol through a palladium-catalyzed Sonogashira reaction 11 in aqueous medium, 12 followed by bromination with carbon tetrabromiae and triphenylphosphine 13 under the standard conditions (Eq. 2). The results of reactions between bromide 1 and various aldehydes mediated by indium are summarized in Table 1 . The reaction appears involving the initial reaction of indium with the propargyl bromide to generate an organoindium intermediate, 14 which then reacted with the aldehyde followed by an in situ cyclization. Both aromatic and aliphatic aldehydes were converted to allene δ-lactones readily. 2-Furaldehyde reacted with propargyl bromide 1 to give the correspondent allene aryl δ-lactone in 56% yield (entry 1). Benzaldehydes bearing various methyl, ethyl, fluoro, or cyano substituents all reacted smoothly under the standardconditions to afford the corresponding allene δ-lactones (entries 2 to 9). Various aliphatic aldehydes reacted similarly in forming the expected products in high yields (entries [10] [11] [12] [13] [14] . The reaction of glyceraldenyde, which bears free hydroxyl groups, generated the correspondent allene δ-Factone in 63% yield (entry 14).
In conclusion, a 14+2] cyclization was developed in which both aromatic and aliphatic aldehydes reacted with phenylpropargyl bromide mediated by indium in aqueous media to give allene δ-lactones in good yields. The synthetic applications of the cyclization are under investigation.
Representative reaction procedure:
A mixture of o-carboxyarylpropargyl bromide (70 mg, 0.2768 mmol) and ptolualdehyde (66.5 mg, 0.5536 mmoQ in 95% EtOH/O.lN aq. HCl (9/1) (3 mL) was stirred vigorously with indium (95 mg, 0.8304 mmol) at room temperature overnight. Then, etnanol was evaporated and the residue was extracted with ether (2x5 mL). The ether layers were combined and washed consecutively with saturated aqueous sodium bicarbonate (3 mL) and brine (2 mL) followed by drying over magnesium sulfate. After filtration, the solution was concentrated to give a crude material, which was purified by flash chromatography on silica gel (eluent: hexane/EtOAc = 10/1) to provide the pure allene 3c (59 mg, 81%).
